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Dielectric Constants of the Lead Azdides
JTRODUGLTON

In & previous report dotails were given of the netiod used
for measuring the shiflt in {the resonunce frequency of a cavity due to
tlhe introduction of 2 simll rod of a diclectric matcrizle It vma
shoun how this frequency slift is rolated o the roal rart of the
diclectric constant of the wrieriole

The method of deterwining the changoe in the Q's of the cavity
ang the relaticnship Letween these and ihe lLuepginary dielsetric congtend
of the moterial wore £lso quantibtatively pivens Ixrerinental dota
were rresenied on onc s:.ple of polystyrene and onc sanple of load
nzide in the froquency range 39=42 Xmee The preciuicn of the dovn was
dloocussed in the case in which the same sanple is used throughout a
serles of neasurciiontse

In this reporl the deta heve boen extunded to includo several
sarples of polystyrens and lesd ezide in the frequusncey runge 39-49
ace 'fhese results indicaie the effect of sanvle shape and irrepldarity
on the rrecislon of the results. It is shown that such factors as
(1) the irreguler shape of the orystals, (2) the fact that the onds
of tle suaple are not exacltly at nodes in the {ield at all frequencies,
(3) the very large nusber of corysial defccls presont, etes, huve
afCcels on the values of the dielectric constanl dotorained by the

presont teelniguee



Lieasurciionts were yude on Tive s3o-les of polyniyrene in tho
Srequoncy renge 3%9=42 Hue and on four somplos of solystyrenc in the
frecuency renge 45-49 Imes One sauple of «f_~-lend azide and four
sorley of {":‘ ~lend ezlde wers studisad in thie lrequerey renge 39-49 Kice
These azlde suiples uerc of various sizese Thie mnsacs venged Troo
0el3 niz to Le2 ing with corves-onding voluneas o 1.0 ::10"5 to
26T % 10"3 cm3 o Tre volunes were czlewlatod wsging Uie lileraniwe
donpily values es detorined Uy xeray dilfracticz und the sa:ple
wolighte This Doet is nontionad because ithe nethod dees not take into
ceecount the nrosence of erysial delectse

All mengucements wero takon ca described in an saxlier rencrt
Rach oentry rerregsenty an avereze of ton necavecicnbue The THgys ode
was used throughout and ithe width of the resaence curve, Afy, woo
Ttakon ot =70 gk for the Q ncnsuresents in all cogese

Instrunentsl gdifficuities have plagued thdy work coubincuglys
PFlrss o ripple in the klystron pover supply, cousliy; an unsteady
r=f oubiuv, foreclosed cvery atterpl al abtaining noaninglul daice
Ihis was followed by trounle with tho gpectrw: orolyzer used to b
warker on the oseilloseope trece of power versus Trequeneys In ench
of these cases unsucceasful atienrts were wode to correct the mal-
functions in this lavoratorys Assistance wms oxtained from the
Lloctronies Service Sectlon of ERDL at Fort Belvelr vt the malfurctione
cculd not Vo isoleted and correctede IFinglly the power source unii
and vhe anselrxra aralyzer wers returned 4o the ruanufacturer, Polorad,

Ince, in New Yorke Alter couplete overhuul, blese instruzenls are nov



Tunetloning properlye:

Considerchle time and offort were cxpended in atlbempts to
design and tuild o shutter which would facilitate and nceelerate
tie Qenenguredcntss A drowing of one design was showa in cne of the
csrlier reports. Deaign of such o shubior for o single freguency would
not present major difficulties; but o shutter to cover o wide range of
Frequencics preseonts prodloss whleh, as ety we have Dot solvoeds
In cvary atvionpt which we have wmode, eitiner the loss at the shulitor was
Loo large or dais wers nob rejrcduciblce Widle it is thought that
the deaipn of such a shuitior ias quite Tenasinlo, It vas considered

Iy

Inadvianivle to expend more Line in this direetion at this tivoce

The onserved deta are recorded i tables I-Ve In table J
are recorded cll data necassary for caleulatvion of t'.e real diclectric
ei
constant of lend azidce Ihe valuea of tie raal dizloetric constant é ’
(77
calculated from this datn zre reccrded in iteble ITe (he corresponding

cato for polystyrene are rocordsd in tablcs IIT and Ve
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Ve ERRORS

€ /
The exwression for the renl diclodtiric constant, e‘, )

o} A
%a = Lok ey VA (1}

£46

here £g i the resonsnee frecucney of the covildr, AT is the shdlt in
resoncr.ee frequency of the ewvily on introduetion ol ihe sewple V,
ané Vs are the voluw:es ol the caviiy and the sanle, resnectively,

ead G is given hy 2
1.008 &*

e (2)
£~ a

Here ¢ is the velocity of lighb, 6 ia the diuvueter of the
envlity, and £o has beer dafined aboves

The quantity AT is read directly Trom a Gonerzl Iudio Cscillator
as deserived in an earller vepcrte Freguency enliestion of this
angteunent indicates thot it 1s aceurntc to 1‘/’5-2 HBovever the blenl:
oprces In the power versus Trequency plot on the oscillescope seroen
wizleh serve as markers have z longth which ls dapendent on the aupli-
flcation in ther foure-charnel anplifiesre These Jpctors, clong with
fluctuation of froquency along the frequency-axis of the oscilloscons
increase the error bto about 2-2457e 4 typlcal secios of AL values
are thoase for sasple number 2 lead azidee They aru 2Le5,; 222, 222, 230,
R340, 2205, 2247y 2240, 2242 and 222 me with on average velve of
DNRek nice This renge of + Oe5 mo.corresponds to % Oe2 units  of %o or

about 2% assuning all other errors are negligiblee

le Ee Fe Labuda énd Re e LeCraw, Rove Scie Instrunents 32, 392.(1961)e
2¢ Cplibration porfeortiod by the Gensral Radio Carpeny.
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The quantity fo 1s casily read to 001 imc wileh glves 1

part in 4000 in the 40 Kme reglon and aboves ot this is e wave
netor reading and is dependent on the Q of fhe wavenetae cavitye
This effect roduces the cortalnty of £ to about 1 in 400 nased on
the span of the frequency~axis of the cscilloscopcy

The size of the oavity is sufficlentl: large to make the orrvor
in itg volumwe srall elsoy Since V is glven nyr;rzl, vhere r is

\
the radiug and toe length, its error can ve calculated exsutlys

&V, =27cfbr + YTeRaR (3)

“where AV o Ay and AXLra the ervors in the waluis, roding and length

of tie oavity, rsspeebivelyo The cavity wes maclined such tha%
the error in ¥ and Jis about 102 an for ache With onder of
magnitudes of r and ,Q of 0,5 am and 1y0 ¢y respectively, fvo =
bx 10"33,;,13 + '8ince.V_ is about, 05 cma, the error in V, 1s about
GoBly - |
: i’he ecror in Va.’ the wolure of the saianle is not enslly
ogtlnnteds In the milligram range the weisht of the samples con bo
deterained to a miorogramy This would casily ydeld ebout L part in
1000 but the density is né‘t. known es welle iore will be said about
this problem belm-':, For the present the ervor in V a wi}l be azsumed
to Lo of the saumo ;rder us that in Vog Tiwe 1% avpeara that the
error in AP at 2¢5% is the largest sizggle erver factor and we expect
on tils beals that the erroy in %‘ to be approximately ¥ 37

TN
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Ve DISCUSISIGH

-

The data on ¢, <lead azide, wiile limlicd, tend to eonfirs
our ecnelusicn of the srror in this nethods This 1s elao true when
neagsuicments on the souo sanple of ie ~lead gzlde are cornsiderede
Lowsver, when difierent soples of ;8 =lend eside sre conpared
at the same frequency, the agreenvont is poor, rarging from sbout 9-12
alt 39 ac and apout 30-15 at 49 Emee. Such Mlvctuations in é'/EO
are olearly outside the rdnge of cxperimental exrors
As stated envlier a atugy of seveorpl sanples ab the same
fracuency affords an cpportunity to evaluate the effect of irregulariticc
in the shepe of the sounlos While the crysials studied appoar o ie
very small parallelepipeds whon oxznited with the naked eye, with
tie add of a microscope the foces are ohgerved to e sonewhat
irregulars This meens thot instead of deeling with 2 single crystal,
ye heve & larzo mmibor of micro-crystalse I oy he Wlet the disleeiric

constant taken alens differcnt oxes le diffevent, whet is bo say it

may e o4 sensor instead of & sealars. I tiis were trvue, cleurly,
- . <
orientaticn would greatly alleet the values of €, chsorvade lethods

%o detect Liis Yy uaing o pweforred orientAticny have not beon attenpted
secause of 2o voey anell simc end Srazility of weso crysialse 4
tenth of a willigra: cuovatel whieh ia about 4 n loig is not oasily
oriantcd, elthouzh nethods could be dovisede

When viewed vnder a mieroscope, 1t ls svident that vhese
eryatels have zany faults and dofects. These roke ore auspicicus of
the use of tho denslly as determincd by x—roy Jiffractione It da

renlized that the use of spuple veluos caloulated in thia namner ney
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produce fluctuation in QZQ but no other method for determination
of densities of these small crystals has been found in the
literature or devised by use

Another factor which should be conaidered is the fact that
the sample increasingly rcaches beyond the nodes in the field
as the freguency is increaseds Although the cnds of the sanple
werce positioned at rodes for the lowest frequency, this is
true only at that’ frequencys This effect may be roflected in
tho increasc in é’c-; with incressing frequency, although it is
more likely to have the opposite effocts

It has boen obscrved that thesc small crystals will pick
up (what has been interproted as) frec surface chargose The
oeffoet of this phenomonon, if any, n the cxporimental results
is not lmowne v

Finally, we point out that the risc :‘Ln(:}él vith frequency
nay be a response similar to that predicted by the results of
classical elcctromagnetic theory.3 On the other hand it could
proface the resonancce one would expect if the azido ion has a

3 2 ground s‘hate.4

3e Sce for exanple: "Dielectric Materials and Applications™,
John Wiley and Sona, Incs

4e Mo Mizushina, Sccond Quarterly Report, October, 1958-January,1959,
Project Morty, ERDL, Fort Belvoir, Virginia. ’
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VIe PRESENT STATUS

At the present time we are deternining /6° for
load azide in the 50-60 Knc rangce Sinee the Polarad EHF power scurce
does not conc equipped with "plug-~in® units cbove 50 Kue, 1t was
neccssary to design a "duwmy" panel and alter the circuit such that
bean voltage, reflector voltage, grid voltage, nodulation, etcs,
could be controlled from this pancle In this way we are able to operate
8 klystron of any frequency range with this suoply vnite This is
not the nost efficient unit howevere Frequent interruptions are
caused by mplfunctionings The problen has recently bcen solved
by the purchasc of an FXR Universal klystron supplys This was
thought advisable since the klystron power supply presently being
used in the nmicrowave spectrograph docs not bolong te this projectes

Recontly, the two matched klystrons (QK-295),
which together cover the 50-60 Kuc range, have been giving troublcs
They have boen roturned to the Raytheon Compony and as yet no word
has beon receivoed concorning thotie This has forced us to attompt to
generatc power in this range by using o lower-range klystron coupled
to a herncnic rultipliere The frequency of this klystron is such
that the second harnonie would cover a lerpe portion of the 50~60
Kue ranges So far we heve not been able to detect the second harmonice

As scon ag nicrowave power 1ls available, the
50-60 Kne renge can be rapidly studied, barring any other serious
malfunctioninge Indeed the waveguide cirevit is conplete up through

the 75 Xnc point except for a vavity and the nccessary klystronge



